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➨➨ Mars Design Reference MissionMars Design Reference Mission
Requires Utilization of NovelRequires Utilization of Novel
Technologies for Human Adaptation toTechnologies for Human Adaptation to
Interplanetary Space Travel andInterplanetary Space Travel and
Planetary HabitationPlanetary Habitation

➨➨ The Medical/Physiological ChallengesThe Medical/Physiological Challenges
Associated with Interplanetary SpaceAssociated with Interplanetary Space
Travel will Depend upon MissionTravel will Depend upon Mission
Duration or Type of Propulsion SystemDuration or Type of Propulsion System

➨➨ Integration of Human and RoboticIntegration of Human and Robotic
Activities Will Be A Critical DeterminantActivities Will Be A Critical Determinant
of the Success of Planetary Explorationof the Success of Planetary Exploration

AssumptionsAssumptions
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Human Health & PerformanceHuman Health & Performance
During Interplanetary Space FlightDuring Interplanetary Space Flight

➨➨ Basic ElementsBasic Elements
–– Nutrition (adequate, appropriate, appealing)Nutrition (adequate, appropriate, appealing)
–– Rest (avoid chronic fatigue)Rest (avoid chronic fatigue)
–– Exercise (fitness, recreation, motivation)Exercise (fitness, recreation, motivation)
–– Human Performance (psychosocial, workload, human robotic interface &Human Performance (psychosocial, workload, human robotic interface &

circadian factors)circadian factors)

➨➨ HabitabilityHabitability  including EVA, advanced life support & environmental healthincluding EVA, advanced life support & environmental health

➨➨ CountermeasuresCountermeasures  &&  preventivepreventive  measuresmeasures for deleterious for deleterious
physiological effectsphysiological effects

➨➨ DiagnosisDiagnosis  of new or pre-existing conditionsof new or pre-existing conditions

➨➨ TreatmentTreatment  subsequent to diagnosissubsequent to diagnosis

➨➨ ResearchResearch directed towards fulfilling all of the above directed towards fulfilling all of the above

Medical RequirementsMedical Requirements
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Human PerformanceHuman Performance
➨➨ psychosocial, workload, sleeppsychosocial, workload, sleep

Space MedicineSpace Medicine
➨➨ in-flight debilitation, long termin-flight debilitation, long term

failure to recover, clinicalfailure to recover, clinical
capabilities and skill retentioncapabilities and skill retention

Advanced Life SupportAdvanced Life Support
➨➨ atmosphere, water, thermalatmosphere, water, thermal

control, logistics, waste disposalcontrol, logistics, waste disposal

Environmental HealthEnvironmental Health
➨➨ atmosphere, water,atmosphere, water,

contaminantscontaminants

Planetary EVAPlanetary EVA
➨➨ dust, suit design, serviceabilitydust, suit design, serviceability

Radiation EffectsRadiation Effects
➨➨ carcinogenesis, damage tocarcinogenesis, damage to

CNS, fertility, sterility, heredityCNS, fertility, sterility, heredity

MedicalMedical
CareCare

EnvironmentEnvironment
&&

TechnologyTechnology

HumanHuman
Behavior &Behavior &

PerformancePerformance

Risk Elements & CategoriesRisk Elements & Categories

HHumanuman

HHealthealth & &
PP erformanceerformance
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Bone LossBone Loss
➨➨ fractures, renal stones, osteoporosis,fractures, renal stones, osteoporosis,

drug reactionsdrug reactions

Cardiovascular AlterationsCardiovascular Alterations
➨➨ dysrhythmias, orthostatic intolerance,dysrhythmias, orthostatic intolerance,

exercise capacityexercise capacity

Food and NutritionFood and Nutrition
➨➨ malnutrition, food spoilagemalnutrition, food spoilage

Immunology & HematologyImmunology & Hematology
➨➨ infection, carcinogenesis, woundinfection, carcinogenesis, wound

healing, allergens, hemodynamicshealing, allergens, hemodynamics

Muscle AlterationMuscle Alteration
➨➨ mass, strength, endurance, andmass, strength, endurance, and

atrophyatrophy

Neurovestibular AdaptationsNeurovestibular Adaptations
➨➨ monitoring and perception errors,monitoring and perception errors,

postural instability, gaze deficits,postural instability, gaze deficits,
fatigue, loss of motivation andfatigue, loss of motivation and
concentrationconcentration

HumanHuman
Health/Health/

PhysiologyPhysiology

Risk Elements & CategoriesRisk Elements & Categories
(continued)(continued)

HH
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Novel Evolutionary Mechanism - Survival of the TechnologicallyNovel Evolutionary Mechanism - Survival of the Technologically
AdaptedAdapted

Long Duration
Experience 14 months14 months

Longest flightLongest flight ISSISS  tourstours
3-6 months3-6 months

Mars round tripMars round trip

Physical Demands Current:Current: infrequent orbital EVAs infrequent orbital EVAs
with regular daily exercisewith regular daily exercise

Mars:Mars:  frequent Mars surfacefrequent Mars surface
EVAs, possibly dailyEVAs, possibly daily

Toxin Exposure Current:Current:  spacecraft & terrestrialspacecraft & terrestrial
toxins onlytoxins only

Mars: Mars: spacecraft, terrestrial, &spacecraft, terrestrial, &
extraterrestrialextraterrestrial toxins toxins

Episodes of
Hypergravity

Earth & Mars aerobrakingEarth & Mars aerobrakingEarth aerobrakingEarth aerobraking

1.5-2.0g1.5-2.0g peakpeak
3-5 g3-5 g

peakpeak
3-5 g3-5 g

G Transitions 1g         0g1g         0g
0g         1g0g         1g

1g1g
0g0g
1/3g1/3g
0g0g

0g0g
1/3g1/3g

0g0g
1g1g

30 30 
monthsmonths

Critical Mission Elements for Medical CareCritical Mission Elements for Medical Care
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(Includes flights longer than 30 days as of April 1999)(Includes flights longer than 30 days as of April 1999)

0 6 12 18 24 30

Flight Duration (months)

Su
bj

ec
t C

ou
nt

A journey to Mars willA journey to Mars will
require a mission ofrequire a mission of
30 months duration30 months duration

The majority ofThe majority of
human space flighthuman space flight
missions are 4-6missions are 4-6

months in durationmonths in duration
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Earth OrbitEarth Orbit
Mars OrbitMars Orbit
Piloted TrajectoriesPiloted Trajectories
Stay on Mars SurfaceStay on Mars Surface

44444444

11111111

33333333

22222222

20142014
Human Mars Mission TrajectoryHuman Mars Mission Trajectory

(typical)(typical)

Earth ArrivalEarth Arrival
June 26, 2016June 26, 2016

Mars ArrivalMars Arrival
June 30, 2014June 30, 2014

Mars DepartureMars Departure
Jan. 24, 2016Jan. 24, 2016

Earth DepartureEarth Departure
Jan. 20, 2014Jan. 20, 2014

 Mars Perihelion Mars Perihelion
January 22, 2013January 22, 2013

December 10, 2014December 10, 2014

Flight Profile
Transit out: 161 days

Mars surface stay: 573 days
Return: 154 days
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Crew SeatingCrew Seating
➨➨ ++ggxx for for aerobraking aerobraking (seatbacks 23º forward of vertical) (seatbacks 23º forward of vertical)
➨➨ ++ggzz for landing (seatbacks vertical) for landing (seatbacks vertical)

artwork from Larry Ko
s and Paul Wercinski

8.6 m8.6 m

28 m28 m
maxmax

Vehicle ConceptsVehicle Concepts
based on thebased on the Triconic Aeroshell Triconic Aeroshell

25°25°

10.9 m10.9 m

5.1 m5.1 m

7.6 m7.6 m

4°4°

Nose radius 1.71 mNose radius 1.71 m

8.6 m8.6 m

Pilot’s fieldPilot’s field
of viewof view

(conceptual)(conceptual)

ISRU: in situ resource utilization

Triconic AeroshellTriconic Aeroshell
➨➨ sized to “Magnum” boostersized to “Magnum” booster
➨➨ defines the size & shape of the Mars vehiclesdefines the size & shape of the Mars vehicles

Vehicle ComponentsVehicle Components
& Functions:& Functions:

Piloted transit habitat vehiclePiloted transit habitat vehicle
➨➨ outbound transit habitatoutbound transit habitat
➨➨ Mars crew landing vehicleMars crew landing vehicle
➨➨ Mars surface habitatMars surface habitat

Cargo vehicleCargo vehicle
➨➨ arrives at Mars before crewarrives at Mars before crew
➨➨ delivers Mars ascent vehicledelivers Mars ascent vehicle

and ISRU plant to Marsand ISRU plant to Mars
surfacesurface

Trans-Earth vehicleTrans-Earth vehicle
➨➨ Earth return vehicleEarth return vehicle
➨➨ arrives at Mars before crewarrives at Mars before crew
➨➨ waits in orbit around Mars towaits in orbit around Mars to

transport crew hometransport crew home
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GravityGravity AccelerationAcceleration

Mars
Launch

TBD g

boost phase
(min);

TEI (min)

22-24 months

1/3 g to 0 g

Mars
Landing

3-5 g

aerobraking
(min);

parachute
braking
(30s);

powered
descent(30s)

Earth
Landing

3-5 g

aerobraking
(min);

parachute
braking (min)

26-30 months

0 g to 1g

Transit

0 g

4-6
months

Mars
Surface

1/3 g

18
months

Transit

0 g

4-6
months

Earth
Launch

up to 3 g

boost phase
(8min);

TMI (min)

0

1 g to 0 g

G-Load

Notes

Cumulative
hypo-g

G transition 0 g to 1/3 g

4-6 months

Physiological Adaptation to Physical ChallengesPhysiological Adaptation to Physical Challenges

TMI: trans-Mars injection
TEI: trans-Earth injection
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Muscle atrophyMuscle atrophy
➨➨ resistive exercise underresistive exercise under

evaluationevaluation

ImpactsImpacts
of Extended Weightlessnessof Extended Weightlessness

Neurovestibular adaptationsNeurovestibular adaptations
➨➨ vehicle modifications,vehicle modifications,

including centrifugeincluding centrifuge
➨➨ may require auto-landmay require auto-land

capabilitycapability

Bone lossBone loss
➨➨ no documented end-point orno documented end-point or

adapted stateadapted state
➨➨ countermeasures in work oncountermeasures in work on

ground but not yet flightground but not yet flight
testedtested

Cardiovascular alterationsCardiovascular alterations
➨➨ pharmacological treatmentspharmacological treatments

for autonomic insufficiencyfor autonomic insufficiency

Physical tolerance of stresses during aerobraking, landing, andPhysical tolerance of stresses during aerobraking, landing, and
launch phases, and strenuous surface activitieslaunch phases, and strenuous surface activities
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➨➨ Comprehensive ground researchComprehensive ground research
programprogram

➨➨ Flight research programFlight research program
✦✦ ISSISS
✦✦ STSSTS

➨➨ Focus on the following research prioritiesFocus on the following research priorities
✦✦ What are the optimal prescriptions for intermittent AGWhat are the optimal prescriptions for intermittent AG
✦✦ Identify G threshold values needed to maintain HHP (including 1/3 G exposure for 18Identify G threshold values needed to maintain HHP (including 1/3 G exposure for 18

months)months)
✦✦ Determine optimal AG characteristics (e.g., radius and angular velocity)Determine optimal AG characteristics (e.g., radius and angular velocity)

 What is required to certify AG as a valid What is required to certify AG as a valid
countermeasure to extended weightlessness?countermeasure to extended weightlessness?

(per Artificial Gravity Working Group, January 1999)(per Artificial Gravity Working Group, January 1999)
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Actions needed to accomplish Mars mission transitActions needed to accomplish Mars mission transit
➨➨ Vigorously investigateVigorously investigate AG to reach a consensus about AG for AG to reach a consensus about AG for

Mars missionMars mission
➨➨ Explore current approachExplore current approach: AG may be used to pre-adapt crew to: AG may be used to pre-adapt crew to

Mars gravity (outbound) and re-adapt to Earth gravity (inbound):Mars gravity (outbound) and re-adapt to Earth gravity (inbound):
✦✦ provides extended physiological protection from 1 Gprovides extended physiological protection from 1 G
✦✦ eases transition throughout 3/8 G exposureeases transition throughout 3/8 G exposure
✦✦ requires AG capability of 1 G outbound and requires AG capability of 1 G outbound and inboundinbound

➨➨ Define parametersDefine parameters for optimal g level for optimal g level
✦✦ initiate benchmark studies based on best guessinitiate benchmark studies based on best guess
✦✦ evaluate protective effects (if any) of 3/8 gevaluate protective effects (if any) of 3/8 g
✦✦ continue studies on optimal angular rate:continue studies on optimal angular rate:

 Can artificial gravity preserve physiological function Can artificial gravity preserve physiological function
during long-duration missions?during long-duration missions?

g>0.5g>0.5

82%82%

g=0g=0
18%18%

0<g<0.50<g<0.5
0%0%

Potential protectionPotential protection
afforded by AGafforded by AG

levelslevels

Artificial Gravity ConsiderationsArtificial Gravity Considerations

Note: no consensus currently exists on AGNote: no consensus currently exists on AG
levels needed for exploration missionslevels needed for exploration missions
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Earth
Launch

van Allen
belts (trapped

radiation)

SEP option:
3 passengers

or more

hours-days

Transit

GCR (quiet
sun);

SPE (active
sun);

nuclear
power reactor

4-6
months

Mars
Launch

22-24
months

Physical ChallengesPhysical Challenges

Source

Exposure

Cumulative
Exposure

Mars
Surface

GCR (quiet
sun);

SPE (active
sun);

nuclear
power reactor

18 months;
shielded by
Mars’ bulk &
atmosphere

Mars
Landing

4-6
months

Transit

GCR (quiet
sun);

SPE (active
sun);

nuclear
power reactor

4-6
months

Earth
Landing

26-30
months

RadiationRadiation

GCR: galactic cosmic radiation
SPE: solar particle events
SEP: solars electric propulsion
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Stage 2: crew transition from LEO to HEOStage 2: crew transition from LEO to HEO

from SEP Team package, 
Nov., 1997

Solar Electronic PropulsionSolar Electronic Propulsion
Mission ScenarioMission Scenario

Stage 1: transition from LEO to HEOStage 1: transition from LEO to HEO

TMI Chem stage

Mars aerobrake
SEP

Mars transit habitat/lander

Stack starts in LEOStack starts in LEOaa

Reaches HEO, waitsReaches HEO, waits
for crew modulefor crew modulecc

Burn to HEO usingBurn to HEO using
ChemChem stage & drop stage & drop
Chem stageChem stage

ee
Crew moduleCrew module
rendezvousrendezvous
and docks w/ stackand docks w/ stack

ff

Chem stage

Crew arrives at LEOCrew arrives at LEOdd

Stage 3:  crew & stack transitionStage 3:  crew & stack transition
from HEO to TMIfrom HEO to TMI

PropulsivePropulsive chem chem burn burn
to transfer from HEOto transfer from HEO
to TMIto TMIgg

Reusable Crew Taxi

bb Uses SEP to spiralUses SEP to spiral
out to HEOout to HEO

Van Allen belts

LEO: low Earth orbit
HEO: high Earth orbit

SEP: solar electronic propulsion
TMI: trans-Mars injection



Design
Reference
Mission

DesignDesign
ReferenceReference
MissionMission

Health care facilitiesHealth care facilities
➨➨ NutritionNutrition
➨➨ ExerciseExercise
➨➨ Psychological supportPsychological support

➨➨ planned activitiesplanned activities
✦✦ entry/landing simulationsentry/landing simulations
✦✦ housekeepinghousekeeping
✦✦ refresher trainingrefresher training
✦✦ cruise sciencecruise science

(microgravity, astronomy,(microgravity, astronomy,
biomedical, etc.)biomedical, etc.)

–– communicationscommunications
•• reliable contact withreliable contact with

mission control, family, &mission control, family, &
friendsfriends

➨➨ Health CareHealth Care
➨➨ autonomous careautonomous care
➨➨ telemedicinetelemedicine

Mars Transit RequirementsMars Transit Requirements

Facilities must be mostly autonomous Facilities must be mostly autonomous 
(one-way Earth-Mars communications time is 3-22 min.)(one-way Earth-Mars communications time is 3-22 min.)

artwork from Constance Adams and Kris Kennedy for the JSC TransHab Team

Recreation &Recreation &
privacyprivacy

Maintenance &Maintenance &
housekeepinghousekeeping

(including(including
workshop)workshop)

Habitat facilities & functionsHabitat facilities & functions
Exercise &Exercise &
conditioningconditioning

for Marsfor Mars
surfacesurface
activitiesactivities
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for Design Reference Missionfor Design Reference Mission

“Abort to Earth” options are very limitedAbort to Earth” options are very limited
➨➨ Trans-Mars Injection (Earth-departure maneuver)Trans-Mars Injection (Earth-departure maneuver)

–– Option 1: nuclear thermal propulsion (or other impulsiveOption 1: nuclear thermal propulsion (or other impulsive
maneuver) makes “abort-to-Earth” progressively moremaneuver) makes “abort-to-Earth” progressively more
difficult after first hours-days post-TMIdifficult after first hours-days post-TMI

–– Option 2: solar electronic propulsion (or other low-thrust,Option 2: solar electronic propulsion (or other low-thrust,
long-duration maneuver) uses limited spacecraftlong-duration maneuver) uses limited spacecraft
maneuvering fuel and requires long time periodmaneuvering fuel and requires long time period

➨➨ Missed Mars orbit insertion or direct entryMissed Mars orbit insertion or direct entry
–– Mars flyby Mars flyby maymay result in 2-year return to Earth that is not result in 2-year return to Earth that is not

very different from completed missionvery different from completed mission

“Abort to Mars” options“Abort to Mars” options
➨➨ Life support and other resources alreadyLife support and other resources already

deployeddeployed
➨➨ Mars environment provides the most safetyMars environment provides the most safety

after Earth (offers radiation shield and partialafter Earth (offers radiation shield and partial
gravity)gravity)
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Mars Surface PhaseMars Surface Phase
(post-landing through pre-launch)(post-landing through pre-launch)

ChallengesChallenges
➨➨ PhysicalPhysical

–– g-transition (first few days only?)g-transition (first few days only?)
–– prolonged exposure to 1/3 gprolonged exposure to 1/3 g
–– high-intensity surface activityhigh-intensity surface activity
–– EMU hypobaric environmentEMU hypobaric environment
–– 70 kg EMU (partially self-supporting)70 kg EMU (partially self-supporting)
–– surface trauma risksurface trauma risk

➨➨ Communications - no real-time MCC supportCommunications - no real-time MCC support
(one-way communications: 3-22 min.)(one-way communications: 3-22 min.)
–– crew highly autonomouscrew highly autonomous
–– Earth monitoring for trend analysis onlyEarth monitoring for trend analysis only

Peak Physical ChallengesPeak Physical Challenges

Assumptions about Mars surface gravityAssumptions about Mars surface gravity
➨➨ Too Too LOWLOW  to be beneficial (for preserving bone integrity, etc.)to be beneficial (for preserving bone integrity, etc.)
➨➨ TooToo  HIGHHIGH  to be ignored (for avoiding g-transition vestibular symptoms)to be ignored (for avoiding g-transition vestibular symptoms)

EMU: extravehicular mobility unit
MCC: Mission Control Center



Design
Reference
Mission

DesignDesign
ReferenceReference
MissionMission

Original figure by Michelle Munk, Mars Landing Transition Team, Nov., 1997

PossiblePossible
Mars Landing SequenceMars Landing Sequence

Parachute phaseParachute phase
(saves 10 T of fuel)(saves 10 T of fuel)

➨➨ 8 km to 5 km8 km to 5 km
➨➨ 734 m/s to 200 m/s734 m/s to 200 m/s
➨➨ Time: 36 secTime: 36 sec

Landing phaseLanding phase
➨➨ 5 km to TD5 km to TD
➨➨ 200 m/s to 0 m/s200 m/s to 0 m/s
➨➨ Time: 48 secTime: 48 sec

Entry phaseEntry phase
➨➨ 125 km to 8 km125 km to 8 km
➨➨ 3302 m/s to 734 m/s3302 m/s to 734 m/s
➨➨ Time: 21 min:13 secTime: 21 min:13 sec
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Strategy for Mars Surface OperationsStrategy for Mars Surface Operations

Peak Physical ChallengesPeak Physical Challenges

BackgroundBackground
Anecdotal evidence suggests only ~50% ofAnecdotal evidence suggests only ~50% of

Russian Russian MirMir crewmembers are ambulatory  crewmembers are ambulatory withwith
assistanceassistance immediately after landing, increasing immediately after landing, increasing

to nearly 100% within hoursto nearly 100% within hours

Only 3 out of 6 Mars crewmembers areOnly 3 out of 6 Mars crewmembers are
ambulatory immediately after landingambulatory immediately after landing

Start with passive tasks inside vehicle andStart with passive tasks inside vehicle and
progress to strenuous tasks on surfaceprogress to strenuous tasks on surface

➨➨ First 1-3 daysFirst 1-3 days activities limited to reconfiguration of activities limited to reconfiguration of
lander/habitat and surface reconnaissancelander/habitat and surface reconnaissance

➨➨ ThenThen, conduct first Mars walk(s) in vicinity of lander, conduct first Mars walk(s) in vicinity of lander
(umbilical instead of backpack?)(umbilical instead of backpack?)

➨➨ Next,Next, use unpressurized rover for early, shorter excursions use unpressurized rover for early, shorter excursions
➨➨ After a week or moreAfter a week or more, extended excursions are possible, extended excursions are possible

AssumeAssume

StrategyStrategy
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Crew health careCrew health care
➨➨ Radiation ProtectionRadiation Protection
➨➨ Medical Surgical careMedical Surgical care
➨➨ Nutrition - Food SupplyNutrition - Food Supply
➨➨ Psychological supportPsychological support

–– meaningful workmeaningful work
✦✦ surface sciencesurface science

–– planetaryplanetary
–– biomedicalbiomedical

✦✦ simulations of Mars launch,simulations of Mars launch,
TEI, contingenciesTEI, contingencies

✦✦ progressive debriefs,progressive debriefs,
sample processing, etc.sample processing, etc.

✦✦ housekeepinghousekeeping
–– communications capabilitycommunications capability

HabitatHabitat
➨➨ Maintenance/housekeepingMaintenance/housekeeping

–– workshop HRET needsworkshop HRET needs
➨➨ Exercise supplemental toExercise supplemental to

Mars surface activitiesMars surface activities
➨➨ RecreationRecreation
➨➨ PrivacyPrivacy

Autonomous facilitiesAutonomous facilities
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Life Sciences onLife Sciences on
the Martian Surfacethe Martian Surface

Periodic health checks for:Periodic health checks for:
➨➨ bone integritybone integrity
➨➨ cardiovascular/cardiopulmonary functioncardiovascular/cardiopulmonary function
➨➨ musculoskeletal fitnessmusculoskeletal fitness
➨➨ hematological parametershematological parameters

Health assessments will also serve as applied research:Health assessments will also serve as applied research:
➨➨ probably longest period away from Earth to dateprobably longest period away from Earth to date
➨➨ probably longest exposure toprobably longest exposure to hypogravity hypogravity (1/3 g) (1/3 g)

environment to dateenvironment to date
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Crew Health Care Facility:Crew Health Care Facility:
➨➨ non-invasive diagnostic capabilities fornon-invasive diagnostic capabilities for

medical/surgical illnesses, SMARTmedical/surgical illnesses, SMART
systemssystems

➨➨ non-invasive imaging capabilitiesnon-invasive imaging capabilities
➨➨ definitive surgical therapy - robotic surgicaldefinitive surgical therapy - robotic surgical

assist devices, surgical simulatorsassist devices, surgical simulators
➨➨ blood replacement therapyblood replacement therapy
➨➨ laboratory supportlaboratory support

TelemedicineTelemedicine::
➨➨ preventive health carepreventive health care
➨➨ consultative diagnostic/therapeutic capabilitiesconsultative diagnostic/therapeutic capabilities
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Autonomous FacilitiesAutonomous Facilities
(one way Earth-Mars communications time is 3-22 min.)(one way Earth-Mars communications time is 3-22 min.)
Crew health careCrew health care
➨➨ NutritionNutrition
➨➨ Psychological supportPsychological support

–– meaningful workmeaningful work
✦✦ simulations of Earth aerobraking, contingenciessimulations of Earth aerobraking, contingencies
✦✦ debriefs, reporting, consultation with primarydebriefs, reporting, consultation with primary
investigatorinvestigator

✦✦ housekeepinghousekeeping
✦✦ cruise sciencecruise science

✦✦ Mars sample analysis?Mars sample analysis?
✦✦ microgravity, astronomy, other?microgravity, astronomy, other?

–– communications capabilitycommunications capability
HabitatHabitat
➨➨ Maintenance/housekeepingMaintenance/housekeeping

–– workshopworkshop
➨➨ Exercise - supplemental to Mars surface activitiesExercise - supplemental to Mars surface activities
➨➨ RecreationRecreation
➨➨ PrivacyPrivacy

Conceptualization of crewConceptualization of crew
quartersquarters

artwork from Constance Adams and Kris Kennedy for the JSC TransHab Team



Design
Reference
Mission

DesignDesign
ReferenceReference
MissionMission

Mars DRMMars DRM

PastPast
ExperienceExperience

Data from R. Billica, January 1998, and D. Hamilton, June 1998

Space Medicine IssuesSpace Medicine Issues

Expected incidence for a DRM of 6 crewmembers and 2.5Expected incidence for a DRM of 6 crewmembers and 2.5
year mission isyear mission is  0.90 person per mission0.90 person per mission, , approximatelyapproximately
one person per missionone person per mission
➨➨ Subset of injuries or illness requiring intensive care support isSubset of injuries or illness requiring intensive care support is

0.02 per person per year0.02 per person per year
✦✦ Expected incidence is 0.30 per person per year, about Expected incidence is 0.30 per person per year, about 

once per three missionsonce per three missions (~80% of intensive care support (~80% of intensive care support
lasts only 4-5 days)lasts only 4-5 days)

NoteNote: any such occurrences will also preoccupy onboard care-giver.: any such occurrences will also preoccupy onboard care-giver.

Based on U.S. and Russian space flight data, U.S.Based on U.S. and Russian space flight data, U.S.
astronaut longitudinal data, & submarine, Antarctic winter-astronaut longitudinal data, & submarine, Antarctic winter-
over, and military aviation experience:over, and military aviation experience:
➨➨       Incidence of Incidence of significantsignificant illness or injury is illness or injury is  0.06 per 0.06 per personperson

per yearper year
✦✦ as defined by U.S. standardsas defined by U.S. standards
✦✦ requiring emergency room visit or hospital admissionrequiring emergency room visit or hospital admission

Projected rates of illness or injuryProjected rates of illness or injury

0.90
person/mission

0.06
person/year
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Reports of illness and injuryReports of illness and injury
during space flightduring space flight

Data from R. Billica, Jan. 8, 1998

Space Medicine IssuesSpace Medicine Issues

Incidence CommonIncidence Common
(>50%)(>50%)

✦✦ skin rash, irritationskin rash, irritation
✦✦ foreign bodyforeign body
✦✦ eye irritation, cornealeye irritation, corneal

abrasionabrasion
✦✦ headache, backache,headache, backache,

congestioncongestion
✦✦ gastrointestinal disturbancegastrointestinal disturbance
✦✦ cut, scrape, bruisecut, scrape, bruise
✦✦ musculoskeletal strain,musculoskeletal strain,

sprainsprain
✦✦ fatigue, sleep disturbancefatigue, sleep disturbance
✦✦ space motion sicknessspace motion sickness
✦✦ post-landing orthostaticpost-landing orthostatic

intoleranceintolerance
✦✦ post-landingpost-landing

neurovestibularneurovestibular symptoms symptoms

Conceptualization of crew healthcare &Conceptualization of crew healthcare &
exercise facilitiesexercise facilities

Incidence UncertainIncidence Uncertain
✦✦ infectious diseaseinfectious disease
✦✦ cardiac dysrhythmia,cardiac dysrhythmia,

trauma, burntrauma, burn
✦✦ toxic exposuretoxic exposure
✦✦ psychological stress,psychological stress,

illnessillness
✦✦ kidney stoneskidney stones
✦✦ pneumonitispneumonitis
✦✦ urinary tract infectionurinary tract infection
✦✦ spinal disc diseasespinal disc disease
✦✦ unplanned radiationunplanned radiation

exposureexposure

artwork from Constance Adams and Kris Kennedy for the JSC TransHab Team
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The following require engineeringThe following require engineering
solutions:solutions:

✦✦ air purifierair purifier
✦✦ water purifierwater purifier
✦✦ particulate analyzerparticulate analyzer
✦✦ microbial analyzermicrobial analyzer
✦✦ waste manager/recyclingwaste manager/recycling
✦✦ food storagefood storage
✦✦ food processorfood processor
✦✦ clothing manager (e.g., washingclothing manager (e.g., washing

machine)machine)
✦✦ lighting levelslighting levels

–– intensity (threshold level)intensity (threshold level)
–– periodicity (circadian rhythmicity)periodicity (circadian rhythmicity)

Human Factors and HabitabilityHuman Factors and Habitability

OptimalOptimal
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The human element is the most complexThe human element is the most complex
element of the mission designelement of the mission design

Mars missions will pose significantMars missions will pose significant
physiological and psychological challenges tophysiological and psychological challenges to

crew memberscrew members

Human engineering, human robotic/machineHuman engineering, human robotic/machine
interface and life support issues criticalinterface and life support issues critical

Critical Roadmap Research Path required for issuesCritical Roadmap Research Path required for issues
that that maymay be show-stoppers (bone, radiation) be show-stoppers (bone, radiation)

ISS platform must be used to address exploration issuesISS platform must be used to address exploration issues
before any “Go/No Go” decisionbefore any “Go/No Go” decision

A significant amount of ground-based and specialized flightA significant amount of ground-based and specialized flight
research will be required - the Critical Path Roadmap project willresearch will be required - the Critical Path Roadmap project will

direct our research toward exploration objectivesdirect our research toward exploration objectives


